The principal concern for any analysis of learning is to characterize the conditions under which it occurs. Empirical analysis of the conditions under which an association forms between the memories of two stimuli, in both human and nonhuman animals, provides support for the three principles or laws of association identified with the British associationists of the 19th century (for reviews, see Hall, 1994; Warren, 1921) : the principles of frequency, intensity, and contiguity. A general restatement of these principles is that for the memories of two stimuli to become strongly associated, they should, in the past, have been repeatedly and fully activated in close temporal proximity. It is widely accepted that any theoretical treatment of associative learning needs to capture these three principles. However, there is also evidence from nonhuman animals that association formation is influenced by stimulus similarity (see, e.g., Rescorla & Furrow, 1977) , and the theoretical analysis of this influence is the primary focus of this article.
In Rescorla and Furrow's (1977) seminal article on similarity and association, pigeons initially received first-order conditioning to establish responding to two different stimuli (green and vertical) by means of pairing these stimuli with food. The pigeons then received second-order conditioning in which the trials involved stimuli that were either similar (e.g., red3green and horizontal3vertical) or dissimilar (e.g., red3vertical and horizontal3green). Second-order conditioned responding to red and horizontal was greater in the similar than in the dissimilar condition. Rescorla and Gillan (1980) went on to replicate this finding under circumstances in which it was possible to experimentally manipulate the similarity of the stimuli rather than rely on their presumed similarity and to thereby rule out a series of uninteresting alternative explanations for the influence of similarity on learning: for example, the notion that the pigeon might enter the experimental situation with stronger associations between different colors or between different orientations than between colors and orientations. In Rescorla and Gillan's studies, which again used a second-order conditioning procedure, pigeons received pairings of either similar compound stimuli (e.g., redhorizontal3green-horizontal and red-vertical3green-vertical) or dissimilar compound stimuli (e.g., red-horizontal3green-vertical and red-vertical3green-horizontal). Second-order conditioning again proceeded more readily in the similar than in the dissimilar condition.
The idea that the degree to which two stimuli are similar can influence how readily they enter into association with one another is therefore supported by evidence from nonhuman animals, evidence that cannot be explained in terms of either simple stimulus generalization or other artifacts (see Hall, 1994) . Taken at face value, this evidence seems to pose a problem for elemental theories of associative learning (e.g., Rescorla & Wagner, 1972) , within which similarity per se has no independent influence on the process of association-independent from the influences of frequency, intensity, and contiguity. However, Rescorla and Gillan (1980) presented an analysis of their findings that was based on a simple modification to an elemental associative analysis that was later given formal expression within Wagner's (1981) elemental model of associative learning-a modification that is now considered to be relatively uncontroversial. Rescorla and Gillan (1980) argued that when two similar stimulus compounds are paired (e.g., red-horizontal3green-horizontal), the fact that horizontal is present during the first compound might render it poorly processed during the second compound and thereby allow green to be particularly well processed. The operation of this (short-term habituation) process should allow red to be selectively associated with the well-processed green feature of the green-horizontal compound. Given the observation that Rescorla and Gillan's first-order conditioning phase (in which green-horizontal and green-vertical were paired with food and red-horizontal and red-vertical were not) would have left green with greater associative strength than horizontal, it is to be expected that a stimulus that has an effective association with green would elicit a great deal of second-order conditioned responding. The situation would be different in the case of the pairing of dissimilar compounds (e.g., red-horizontal3green-vertical), when presentation of the first compound would effect no bias in the processing of the elements of the second compound. Under these circumstances, red would not become especially well associated with green. This form of analysis received support from a series of supplementary observations that were made by Rescorla and Gillan (1980) . For example, it is supported by the finding that when the researchers arranged for the vertical to elicit more responding than green (e.g., by the inclusion of additional reinforced trials with vertical during first-order conditioning), secondorder conditioned responding was greater in the dissimilar group than in the similar group. The conclusion from this set of experiments is that the influence of similarity on association formation can be reduced to the operation of the principle of intensity-albeit one in which intensity is not a simple function of the physical intensity of a stimulus.
It is undoubtedly possible, however, that the results of the experiments described above might have limited generality, and the theoretical analyses offered for them might not apply to other experimental preparations and species. The central aims of our experiments, therefore, were to examine the generality of Rescorla and Gillan's (1980) results and to assess their theoretical treatment of the role of similarity in associative learning. To this end, in Experiment 1, we examined the role of similarity in associative learning in humans using a novel experimental procedure that was superficially different from but formally similar to that used by Rescorla and Gillan (1980) . In Experiment 2, we assessed the possibility that similarity has an influence on learning that is not captured by the elemental analysis outlined above.
Experiment 1
The experimental design used in Experiment 1 is summarized in Table 1 . The participants sat in front of a computer screen on which different sequences of grayscale patterns were presented.
The six sequences (AX3 BX, AY3 BY, AZ3 BZ, CX3 DY, CY3 DZ, and CZ3 DX) each consisted of two patterns constructed from gray internal features (A, B, C, and D) and black external features (X, Y, and Z). The sequences involving A and B were similar to one another by virtue of the fact that both were presented with the same external features (e.g., AX3 BX), and those involving C and D were dissimilar by virtue of the fact that they were presented with different external features (e.g., CX3 DY). Examples of the patterns used are illustrated in Figure  1 . Participants were informed that these patterns represented alien bugs and that they were required to learn which of the two insecticide sprays (red or blue), depicted on the left-and right-hand sides of the screen, eliminated which of the bugs. Patterns with Feature B could be eliminated with one of the sprays (e.g., red), and those with Feature D could be eliminated with the other spray (e.g., blue). Patterns with Features A and C could be eliminated by the use of either spray. The issues of principal interest were (a) whether the fact that the first and second patterns were temporally contiguous would promote the transfer of performance (i.e., spray use) between them and (b) whether this transfer would be more marked between similar patterns (e.g., AX and BX) than between dissimilar patterns (e.g., CX and DY). That is, when presented with bugs with Features A and C, would participants use the sprays that they had learned were effective in eliminating bugs containing Features B and D, respectively, and, if so, would this associative transfer be influenced by similarity?
Method
Participants and apparatus. Sixty-four participants were solicited through the paid panel of the School of Psychology, Cardiff University, and were given £5 for their participation. All participants had normal or corrected-to-normal vision. A PC running a software package called Visual C# (Microsoft, Redmond, WA) was used to display the stimuli, via custom-written software, on a monitor in an evenly lit, quiet room. Half of the participants used the T key to activate the red spray and the V key to activate the blue spray, and the remainder of the participants used the F key to activate the red spray and the H key to activate the blue spray. Statistical analysis showed that the manipulation of key assignment made no significant difference to the pattern of the results that was observed, and this manipulation is ignored henceforth.
Stimuli and counterbalancing. The stimuli were also created with Visual C# on a PC. Each pattern was constructed from two adjacent squares, separated by a black line that contained patterns that were reflections of one another along the vertical axis. The total extent of the pattern was 800 ϫ 400 pixels (25.0 cm wide ϫ 12.5 cm high). Each pattern was also surrounded by elements intended to reinforce the cover story that the patterns represented alien bugs (see Figure 1) . The internal features of each square were gray and occupied a central square (200 ϫ 200 pixels, or 6.25 cm ϫ 6.25 cm), and these features served as A, B, C, and D. The external features were black and occupied the remaining area that surrounded the central square. For half of the participants, one pair of internal features (depicted in the first and second rows of patterns in Figure 1 , with the outer features that served as X, Y, and Z) served as A and B, and the remaining pair (depicted in the third and fourth rows of patterns in Figure 1 ) served as C and D; for the remaining participants, this arrangement was reversed. Note. Participants received six sequences that each consisted of two patterns constructed from internal features (A, B, C, and D) and external features (X, Y, and Z). The patterns involving A and B were similar to one another (e.g., AX3 BX), and those involving C and D were dissimilar (e.g., CX3 DY). The patterns were portrayed as alien bugs, and the participants needed to learn to use one insecticide spray (red) to eliminate bugs with Feature B and another spray (blue) to eliminate bugs with Feature D. The participants could use either spray to eliminate bugs with Features A and C.
Each of theinternal features (A, B, C, and D) was presented with each of the external features (X, Y, and Z). The resulting patterns were presented on a screen that was otherwise illuminated with white light. Procedure. After signing the informed consent form, participants were seated approximately 80 cm in front of the computer screen and read the following instructions presented on a sheet of paper prior to beginning the experiment:
Evil "Space Bugs" have invaded Britain! To make matters worse, these Bugs have mutated into a number of differing types. However, British scientists have developed two different insecticide sprays which have been found to be effective in destroying different Bug types. Using these two different sprays, your task is to destroy these Space Bugs as quickly as possible before they have a chance to spread throughout the world.
As said above, the two spray cans, which you will see on the computer screen, contain different insecticide sprays which are effective in destroying different Bug types. A Bug's type is denoted by the pattern on its back. These spray cans can only be fired once they have been fully charged and, if allowed to discharge completely, can only be sprayed again once the spray cans have been fully charged again. The charge of the spray cans can be identified from the rising and falling levels inside the spray cans. Feedback as to whether you have or have not picked the correct spray to destroy a particular Space Bug will only be given for every other encounter with a Space Bug. This feedback will be presented in the top-center of the computer screen, and you should correct your original decision accordingly.
The fate of the world rests in your hands, and speed is of the essence. In this task, speed is heavily linked to accuracy, so please try to be as accurate and quick as possible.
Competition:
£10 will be given to the participant with the highest score at the end of testing. As such, your details will be recorded confidentially until the prize winner has been identified, after which your details will be anonymized. In the event of a tie, the participants' names will be put into a hat and a winner drawn. If you do not wish to take part in the competition and have your details be [made] anonymous from theThe first sequence was initiated when the participant pressed the Enter key. Each sequence started with the presentation of a pattern with Feature A (accompanied by X, Y, or Z) or Feature C (accompanied by X, Y, or Z). Once the pattern was presented, an animated 2-s screen display began in which the spray cans were filled with red and blue spray and then emptied over the course of 5 s; responses during the first 2 s had no consequences, and the message "Wait, preparing sprays!" appeared in black text within a white banner immediately above the pattern. This message was replaced at the end of 2 s by the message "Ready to zap." Responses at any point after the 2-s period resulted in the pattern disappearing and being replaced by a blank white screen. There followed an interstimulus interval of 1 s and then the presentation of the second pattern in the designated sequence: If the first pattern contained Feature A and an internal feature X, Y, or Z, then the second pattern contained Feature B and the same internal feature (i.e., sequences AX3 BX, AY3 BY, AZ3 BZ); if the first pattern contained Feature C and internal feature X, Y, or Z, then the second pattern contained Feature D and the internal feature Y, Z, or X, respectively (i.e., sequences CX3 DY, CY3 DZ, CZ3 DX).
During the second patterns, there was again a 2-s animated display in which both cans were filled; again, participants' responses during these periods had no consequences, and the message "Wait, preparing sprays!" appeared in black text within a white banner immediately above the pattern. This message was replaced after 2 s by the message "Ready to zap." Over the next 5 s, the contents of the cans were emptied, and this period constituted the response window. If participants did not respond during this response window, then the message "Answer faster!" was displayed in black text, and the contents of the cans were replenished over a 5-s period during which the participants could not respond. There followed another 5-s response window that was identical to the one just described. This process continued until participants responded.
For half of the participants, the second patterns in similar sequences (i.e., BX, BY, and BZ) could be eliminated by the red spray and the second patterns in dissimilar sequences could be eliminated by the blue spray; for the remaining participants, this assignment of condition (similar or dissimilar) to spray (red or blue) was reversed. If participants used the correct spray, then the pattern remained on the screen for an additional 2 s, with the message "You pressed T/V/F/H and are CORRECT" displayed in green text on a white banner that was in a central location immediately above the pattern. The screen then became blank, and there followed an intertrial interval that took a random value between 1 and 6 s. If participants used the incorrect spray, then both cans were emptied, the pattern remained on the screen with the message "You pressed T/V/F/H and were WRONG" displayed in red text, and the correct can was replenished over the course of 5 s. Once the can was replenished, another 5-s response window started, and the process continued until the correct spray was selected, at which point the same procedure was started as if the correct key had been selected when participants were first given the choice. If participants failed to respond during the response window, then the message "Answer faster!" appeared, and the contents of the cans were replenished over a 5-s period. During the session, there were 40 presentations of each of the 6 sequences (i.e., 120 similar sequences and 120 dissimilar sequences). These sequences were arranged in a pseudorandom order that differed across participants and had the constraint that no more than 2 sequences of the same type (similar or dissimilar) could occur in succession. Data analysis. For the first and second pattern of each type of sequence (similar and dissimilar), we recorded the percentage of sequences on which the correct spray was chosen as the first choice. For the second patterns, correct simply referred to use of the spray that was designated to eliminate the pattern. For the first patterns, correct indicated that participants used the same spray that eliminated the second pattern of the same sequence. Thus, an increase in correct scores for the second patterns indicated that participants were learning (using trial and error) which spray (red or blue) to use to eliminate patterns with Features B and D, and correct scores for the first patterns indicated transfer of what was learned about the second patterns to the first patterns by dint of their temporal contiguity. We also recorded reaction times for the first and second patterns. These reaction times excluded the 2 s in which the participants could not respond. These scores were pooled across the counterbalanced factors of assignment of stimulus pairs to condition (similar or dissimilar) and assignment of spray to condition. The percentage correct scores and reaction times were presented in 10-sequence blocks. One participant's mean reaction time on Block 10 was extremely long (consistent with an interruption of some kind), and this participant's score on this block was replaced with the mean of the remaining 63 participants; aside from this, no other smoothing operations were used on the reaction time scores.
Results
The mean percentage of correct scores for the first patterns (involving A and C) and second patterns (involving B and D) are shown in Figure 2 . Inspection of the left-hand panel reveals that over the course of training, there was an increase in the percentage of correct scores for A but not for C. An analysis of variance (ANOVA) revealed an effect of block (Blocks 1-12), F(11, 693) ϭ 5.19, p Ͻ .001; no effect of similarity (A or C), F(1, 63) ϭ 2.84, p Ͼ .09; and an interaction between these factors, F(11, 693) ϭ 3.25, p Ͻ .001. Analysis of simple main effects revealed an effect of block for Stimulus A, F(11, 693) ϭ 8.27, p Ͻ .001, but not for C (F Ͻ 1), and effects of stimulus on Blocks 8 -11, minimum F(1, 63) ϭ 4.05, p Ͻ .05. With respect to the scores shown in the right-hand panel, it is clear that there was a dramatic increase in the scores over the course of training and that this increase was similar for patterns involving both B and D. An ANOVA confirmed that there was an effect of block, F(11, 693) ϭ 53.38, p Ͻ .001; no effect of similarity; and no interaction between these factors (Fs Ͻ 1).
Finally, the reaction times for each of the four stimuli across training are depicted in the upper panel of Table 2 . Inspection of this panel reveals that the reaction times were similar for A-D and became shorter as training proceeded. We conducted an ANOVA on the reaction times for the first patterns that revealed an effect of block, F(11, 693) ϭ 14.92, p Ͻ .001; no effect of similarity (F Ͻ 1); and no interaction between these factors, F(11, 693) ϭ 1.09, p Ͼ .36. Similarly, an ANOVA conducted on the reaction times for the second patterns revealed an effect of block, F(11, 693) ϭ 29.67, p Ͻ .001; no effect of similarity, F(1, 63) ϭ 1.13, Block Block 
Discussion
In Experiment 1, we made use of a novel experimental procedure to examine whether similarity promotes associative learning in humans. The results confirmed that in this procedure, the similarity between two patterns presented in sequence did influence the readiness with which a response established to the second pattern (e.g., press red spray) was also evoked by the first pattern: When the two patterns were similar (e.g., AX3 BX), the response established to the second pattern (in this case, BX) was more likely to be elicited by the first pattern (in this case, AX) than when the two patterns were different (e.g., CX3 DY). In fact, there was only significant transfer of responding between the second and first patterns when they were similar. Although this observation might, at first sight, appear somewhat peculiar, it is clearly possible that (a) had training continued, then transfer would have been observed between dissimilar patterns, or (b) once the effect of similarity on spray choice during the first patterns was evident, it tended to carry over to the dissimilar patterns and obscure any evidence of learning resulting from the dissimilar trials. In any case, in Experiment 1, we successfully replicated the pattern of results observed by Rescorla and Gillan (1980) .
Experiment 2
In spite of the fact that X, Y, and Z were irrelevant with respect to the solution of the discrimination in Experiment 1, they exerted a marked and long-lasting effect on associative learning. In Experiment 2, we examined the effect of similarity on associative learning in a procedure in which, to respond accurately to the second patterns in the sequences, participants were required to process those features that rendered the sequences more or less similar (i.e., X, Y, and Z)-a procedure in which X, Y, and Z were relevant. On the basis of the suggestion that similarity is a general principle of (associative) learning, such a manipulation might only be expected to increase the effect of similarity on learning. However, there are good theoretical grounds, which we briefly consider, for supposing that the manipulation under consideration (increasing the relevance of X, Y, and Z) might have the reverse outcome. Rescorla and Gillan (1980) supposed that on a similar trial (e.g., AX3 BX), the presentation of AX would reduce the processing of X within the BX compound and thereby encourage the formation of a particularly strong A3 B association and a correspondingly weak A3 X association, whereas on a dissimilar trial (e.g., CX3 DY), the presentation of CX would have no such effect on DY, and C would become equally well associated with both D and Y. Provided it is the case that the representations of B and D (rather than of X and Y) control responding, it is reasonable to suppose that participants who have associated A with B would be more likely to show appropriate transfer of responding to A than would participants who have associated B with both D and X (cf. Experiment 1). However, if the representation associated with the correct target spray is that of BX (rather than of B), then the fact that short-term habituation biases the associative process to link A with B would now reduce the transfer of what was learned about BX to AX, relative to the case in which both elements of the second pattern were fully processed (i.e., on a CX3 DY trial). That is, according to Rescorla and Gillan's (1980) form of analysis, similarity should hinder learning when X and Y are relevant to the task that participants are undertaking. These different predictions, one based on the suggestion that similarity is a general principle of associative learning and one based on an analysis of the role of similarity in associative learning in pigeons, were assessed in Experiment 2.
The experimental design and (additional) stimuli used in Experiment 2 are summarized in Table 3 and Figure 3 , respectively. Participants received two types of similar sequence (e.g., AX3 BX and CS3 DS) and two types of dissimilar sequence (e.g., AS3 BT and CX3 DY). Which of four sprays eliminated Note. In both experiments, responses during the first 2 s of each pattern were ineffective, and the reaction times exclude these periods. S1 and S2 ϭ similar sequences, D1 and D2 ϭ dissimilar sequences.
bugs with Features B and D depended on the (external) features that accompanied them: When B was accompanied by either X, Y, or Z, one spray (e.g., red) eliminated the pattern, whereas when B was accompanied by either S, T, or U, a different spray (e.g., green) was effective. Similarly, when D was accompanied by X, Y, or Z, one spray (e.g., blue) was effective, whereas when D was accompanied by S, T, or U, a different spray (e.g., purple) was effective. Under these conditions, participants could not simply process the internal features of the second patterns (i.e., B or D) to guide their choice of response (i.e., red, blue, green, or purple). For example, if participants only processed B and D, then it would be possible for them to learn that using either red or green was effective during B (and using purple or blue was effective during D), but this would result in an overall level of accuracy during the second patterns of only 50%. If the participants were able to learn to use the appropriate sprays during the various compounds involving Features B and D (i.e., score above 50%), then the question of interest is as follows: Will what was learned about these compounds (e.g., BX3red and DY3blue) be more or less likely to transfer to the first patterns of similar trials (e.g., AX3 BX3red) than to the first patterns of dissimilar trials (e.g., CX3 DY3blue)?
Method
Participants and apparatus. Sixty-four participants were solicited through the paid panel of the School of Psychology, Cardiff University, and were given £5 for their participation. All participants had normal or corrected-to-normal vision. The apparatus was that used in Experiment 1, with the exception that participants used the T key on a computer keyboard to activate the red spray, U to activate the blue spray, B to fire the green spray, and M to fire the purple spray. The red and green sprays were positioned in the top and bottom left-hand corners of the screen, respectively, and the blue and purple sprays were positioned in the top and bottom right-hand corners of the screen, respectively.
Stimuli, counterbalancing, and procedure. The additional set of external patterns needed for Experiment 2 is depicted in Figure 3 and was created in the same way as the set used in Experiment 1. In Experiment 2, the counterbalancing was achieved in the same way as in Experiment 1, with the exception that the set of external patterns (used as X, Y, and Z) in Experiment 2 was supplemented by an additional set of external patterns that could serve as S, T, and U. The instructions that participants received were the same as in Experiment 1, with the exception that the fact that there were four sprays (red, blue, green, and purple) was noted and that participants were informed that these sprays could be activated by four keys (T, U, B, and M, respectively). The feedback was also changed to reflect the fact that there were now four sprays. For half of the participants, the second patterns in the similar sequences were eliminated by the red spray (for BX, BY, and BZ) and purple spray (for DS, DT, and DU), and the second Note. Participants received 12 sequences that each consisted of two patterns constructed from internal features (A, B, C, and D) and two sets of external features (Set 1: X, Y, and Z; Set 2: S, T, and U). The patterns involving A and B were similar to one another when accompanied by Set 1 (e.g., AX3 BX), and those involving C and D were similar when accompanied by Set 2 (e.g., CS3 DS). The patterns involving A and B were dissimilar to one another when accompanied by Set 2 (e.g., AS3 BT), and those involving C and D were dissimilar when accompanied by Set 1 (e.g., CX3 DY). Participants learned to use different insecticide sprays (e.g., red and purple) to eliminate the second patterns in similar sequences (e.g., BX and DS, respectively) to those (e.g., blue and green) used to eliminate the second patterns in dissimilar sequences (e.g., DY and BT, respectively). Participants could use any spray to eliminate patterns with Features A and C. patterns in dissimilar sequences were eliminated by the blue spray (for DX, DY, and DZ) and green spray (BS, BT, and BU). For the remaining participants, the assignment of pairs of sprays (red and purple or blue and green) that would eliminate the second patterns in similar and dissimilar sequences was reversed. There were 20 presentations of each of the 12 sequences, and there were no more than 2 sequences of the same type (similar or dissimilar) in succession. To assess the effect of similarity on learning, we pooled the percentage of correct scores for all six of the first patterns of similar sequences (henceforth S1; see Table 3 ) and compared these scores with those for the first patterns of dissimilar sequences (D1). We also assessed the percentage of correct scores for the second patterns in the similar (S2) and dissimilar (D2) sequences. These scores were presented in 20-sequence blocks.
Results and Discussion
The mean percentage of correct scores for the first patterns (S1 and D1) and second patterns (S2 and D2) are shown in Figure 4 . Inspection of the left-hand panel reveals that over the course of training, there was an increase in the percentage correct for S1 and D1 but that the scores for D1 were consistently higher than those for S1. An ANOVA revealed an effect of block, F(5, 315) ϭ 9.42, p Ͻ .001; an effect of similarity (S1 or D1), F(1, 63) ϭ 6.54, p Ͻ .05; and no interaction between these factors, F(5, 315) ϭ 1.24, p Ͼ .28. Inspection of the right-hand panel of Figure 4 indicates that the scores for S2 and D2 increased over the course of training and that this increase was similar in magnitude. An ANOVA confirmed that there was an effect of block, F(5, 315) ϭ 129.88, p Ͻ .001; no effect of similarity (F Ͻ 1); and no interaction between these factors, F(5, 315) ϭ 1.82, p Ͼ .10. Finally, the reaction times for S1, D1, S2, and D2 are shown in the lower panel of Table 2 . Inspection of this panel reveals that reaction times became shorter as training proceeded but were similar for the different types of first and second patterns (i.e., S1 and D1 and S2 and D2). An ANOVA conducted on the reaction times for S1 and D1 revealed an effect of block, F(5, 315) ϭ 24.36, p Ͻ .001; no effect of similarity; and no interaction between these factors (Fs Ͻ 1). Similarly, an ANOVA conducted on the reaction times for the second patterns revealed an effect of block, F(5, 315) ϭ 20.62, p Ͻ .01; no effect of similarity; and no interaction between these factors (Fs Ͻ 1).
The implications of the different influences of similarity on performance to the first patterns in the sequences in Experiments 1 and 2 are discussed in detail in the General Discussion. However, before this discussion, brief consideration should be given to another feature of the results of Experiments 1 and 2 that might appear puzzling: In neither experiment was there any (significant) indication, from either the percentage of correct scores or the latencies, that performance with the second patterns in the sequences varied as a consequence of whether they were preceded by a similar pattern or a dissimilar pattern. In fact, from Rescorla and Gillan's (1980) brief descriptions of the levels of responding shown by their pigeons to the first-order conditioned stimuli (equivalent to, e.g., BX and DX in Experiments 1 and 2) during second-order conditioning, there also appears to have been little difference depending on similarity. One possibility is that the influence that the presentation of AX had on the processing of BX (cf. Rescorla & Gillan, 1980) had a much greater impact on learning (in this case, to associate the components of AX with those of BX) than it did on performance generated by those aspects of BX that were linked to the (correct) response (e.g., red spray). However, it should be acknowledged that this asymmetry is not one that Wagner's (1981) model of habituation would lead one to expect.
General Discussion
The aims of the two experiments reported in this article were twofold: to evaluate the effect of similarity on associative learning in humans with a novel procedure and to examine the origin of any influence of similarity on association formation. In Experiment 1, patterns with Feature A preceded similar patterns with Feature B (AX3 BX, AY3 BY, AZ3 BZ), and patterns with Feature C preceded dissimilar patterns with Feature D (CX3 DY, CY3 DZ, CZ3 DX). Participants were required to learn that patterns with Feature B (i.e., BX, BY, BZ) could be eliminated with one insecticide spray (e.g., red) and those with Feature D (i.e., DX, DY, DZ) could be eliminated with a second spray (e.g., blue); either spray was effective in eliminating patterns with Features A and C. The participants duly learned which spray to use to eliminate patterns with Features B and D. Their choice of spray for bugs with Feature A came to match that used to eliminate bugs with Feature B, but there was little evidence of such associative transfer between C and D. The finding that similarity promotes associative learning in humans is clearly analogous to the results Rescorla and Gillan (1980) reported using a second-order conditioning procedure in pigeons. It is worth emphasizing at this point that in the withinsubject experimental design used in Experiment 1 (and the between-subjects design used by Rescorla & Gillan, 1980) , the influence of similarity is on learning rather than on either (a) simple generalization between the patterns (which should be equivalent between, e.g., BX and AX and between DX and AX) or (b) other nonspecific factors (see Hall, 1994 ).
As we have already noted, our results from human participants are directly analogous to those Rescorla and Gillan (1980) reported using a second-order conditioning procedure in pigeons. What is more, the theoretical analysis that Rescorla and Gillan (1980) offered for their results applies equally readily to the findings of Experiments 1 and 2. Thus, in Experiment 1, Features B and D were the best predictors of whether to use the red or blue spray to eliminate the second patterns in the various sequences: B was present on each occasion that the red spray was effective; D was present on each occasion that the blue spray was effective; and X, Y, and Z were irrelevant. Under these circumstances, if the conditions encouraged the formation of an association between the first pattern and the relevant features of the second patterns (B or D) rather than their irrelevant features (X, Y, and Z), then participants should show more effective transfer of responding to the first patterns. Rescorla and Gillan (1980) suggested that a simple process of short-term changes in stimulus processing might result in these conditions being met on similar but not on dissimilar trials: On a similar trial but not on a dissimilar trial, the presentation of an irrelevant feature (e.g., X) during the first pattern should reduce the processing of that feature during the second pattern and allow the relevant feature to be well processed. This fact should mean that the representation with which A becomes preferentially linked (i.e., B) is also the representation that has become associated with the correct response (e.g., red spray).
The fact that there is both empirical and theoretical convergence between studies of human and nonhuman animals offers, at a general level, encouragement to those who imagine that the results from nonhuman animals might be of relevance to understanding human learning and memory. However, it is possible that two patterns of results that are superficially similar might, in fact, have very different origins. The results of Experiment 2 provide direct evidence that the results of Experiment 1 and those described by Rescorla and Gillan (1980) share more than surface similarity. The design of Experiment 2 was similar to that of Experiment 1, with one notable exception: In Experiment 1, the features used to manipulate the similarity of the patterns (i.e., X, Y, and Z) were irrelevant to the solution of the task. Thus, patterns with Feature B could be eliminated with red spray, irrespective of whether they were accompanied by X, Y, or Z. In Experiment 2, the features used to manipulate similarity were now relevant to the solution of the task: Patterns with Feature B could be eliminated with red spray when accompanied by X, Y, and Z but with green spray when accompanied by S, T, or U. Under these circumstances, Rescorla and Gillan's (1980) analysis predicts that similarity between the first and second patterns should impair learning: On similar trials, the first patterns (e.g., AX and CS) would become associated with B and D, respectively, rather than with the configuration that these elements create with the elements with which they are subsequently presented (e.g., BX and DS, respectively), because short-term changes in processing would bias processing toward B and D and away from X and S. On dissimilar trials, there would be no such bias, and the first patterns (e.g., AS and CX) would become associated with the configurations that follow them (e.g., BT and DY, respectively). Given the fact that the representation of these configurations is associated with the correct spray use, it is unsurprising that the transfer of responding between the second and the first patterns would be greater on dissimilar trials than on similar trials.
In conclusion, the results of Experiments 1 and 2, observed in humans, and those reported by Rescorla and Gillan (1980) , observed in pigeons, provide no good reason to suppose that similarity should be given an independent status as a principle or law of (associative) learning. It remains to be seen whether under other, yet-to-be-determined conditions, similarity might have an independent influence on learning. However, at least under those conditions that have been examined, the influence of similarity on associative learning is readily interpreted as a secondary consequence of the operation of a principle of intensity-albeit, one in which the relative effective intensity of the components of a stimulus compound can be altered by whether one of them has been recently presented (cf. Wagner, 1981) .
